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Executive Summary  
 

 
 

"We donôt want to debate climate change. We want to stop it." 
 

- Apple (2015) 
 

"Every year we strive to outdo ourselves in operating sustainably." 
 

- Adobe (2013) 
 

"We leverage our unique assets and role in the global marketplace to influence Earth-positive 

impacts along the commerce value chain." 

 
- EBay (2015) 

 
Context and project goals 

 
When it comes to innovation in energy and building performance, one can expect leading-edge 

activity from the technology sector. As front-line innovators in design, materials science, and 

information management, developing and operating high-performance buildings is a natural 

extension of their core business. 

 
The energy choices made by technology companies have broad importance given their influence 

on society at large as well as the extent of their own energy footprint. Microsoft, for example, 

has approximately 250 facilities around the world (30 milli on square feet of floor area), with 

significant aggregate energy use of approximately 4 million kilowatt-hours per day (Figure 1). 
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Figure 1. Microsoftôs global energy footprint. 
 

 
 
 
There is a degree of existing documentation of efforts to design, build, and operate facilities in the 

technology sector.  However, the material is fragmented and typically looks only at a single 

company, or discrete projects within a company.  Corporate social responsibility reports provide a 

useful overview of goals and initiatives.  Databases of LEED and Energy Star buildings provide 

insight into the outcomes for individual buildings. Various news and trade press reports 

occasionally fi ll in missing details.  Yet, there is no single resource for corporate planners and 

decision makers that takes stock of the opportunities and documents sector-specific case studies 

in a structured manner. This report seeks to fill that gap, doing so through a combination of 

generalized technology assessments (ñKey Strategiesò) and case studies (ñFlagship Projectsò). 
 
The technology sector is making up for lost time when it comes to high-performance 

buildings and infrastructure 
 

According to industry observers and the companiesô own statements, many tech firms are only 

recently hitting their stride when it comes to managing energy use and carbon emissions. This 

may in part be a reflection of the industryôs posture towards facility design and master-planning 

more generally. According to David Radclif fe, Googleôs VP of real estate development: ñTech 

really hasnôt adopted a particular language for buildings. I mean, weôve just found old buildings, 

and weôve moved into them, and made do best we could.ò 

https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects
http://greensource.construction.com/features/currents/2012/1207-high-tech-headquarters.asp
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
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Figure 2. Energy efficiency gains captured within the Information Technology sector by the 30 

leadingCDP responders. ñEnergy efficiency processesòare assumed to be primarily data 

centers. 

 

The primary source of information on the industryôs progress is through voluntary information- 

gathering initiatives such as the Carbon Disclosure Project, CDP.  Historically, the information 

technology sector had lagged most others in terms of emissions reductions, progress towards 

targets, and related disclosures (PwC 2011). 

 
While data centers readily come to mind as the driving force behind the technology sectorôs 

carbon footprint, reports from the leaders in this space suggest that about one quarter of potential 

savings and one-third of energy cost savings are found not in servers but in buildings (Figure 

2).  Microsoft reports that nearly 40% of its entire corporate carbon footprint (including business 

travel) is attributed to its buildings (Accenture 2011). In contrast, Facebook reports that 96% of 

its energy use is in data centers. Ebay estimates that about 26% of its carbon footprint is 

attributable to its office buildings, and 50% to its data centers, and 16% to warehouses. 

 
While not always first-movers, tech companies have engaged in significant efforts to manage 

energy use in their buildings. For example, building on efforts begun in 2006, 70% of Adobeôs 

floorspace has been LEED certified. 

https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/microsoft
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/facebook
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
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Figure 3. Excerpt from Carbon Disclosure Project listing 30 companies comprising the ñClimate 

Performance Leadership Indexò within the IT sector. 
 
Information Technology sector by the 30 leading CDP responders. ñEnergy efficiency processesò 

are assumed to be primarily data centers. 
 
Carbon-neutrality has also become a widespread goal in the technology sector.  While companies 

have made signif icant strides by reducing energy use, they have also in many cases made up the 

difference by purchasing third-party carbon offsets.  Tech companies such as Adobe and Google 

have fully offset all emissions by combining on- and off -site approaches; Apple is close behind 

already having done so in its US operations. Many of the companies have pursued a broader array 

of sustainability objectives (water, materials, waste, etc.), including focus on supply chains 

"upstream" from their customer-facing operations. 

 
Pulse of the Industry: Evidence from Carbon Disclosure Project Reporting 

 
The global Carbon Disclosure Project (CDP) deploys an annual survey to over 5000 of the 

worldôs largest companies on behalf of approximately 767 institutional investors (asset managers, 

asset owners, banks, insurers, and others) representing $90 trillion under management as of 2014, 

or one-third of the worldôs invested capital. This voluntary survey seeks information on 

respondentsô perceived risks and opportunities associated with climate change, energy use and 

https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
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carbon footprint, and investments and progress in reducing emissions. The results are compiled, 

analyzed, and communicated to the marketplace. 

 
Approximately 40% of companies opted to respond to the latest survey (2014). Facebook is the 

only company among our case studies that receives invitations but has not as of the latest CDP 

cycle responded. 

 
The CDPôs ñClimate Performance Leadership Indexò (CPLI) represents the extent of corporate 

awareness of the issues, efficacy of efforts manage climate risks and opportunities, and progress 

towards targets (CDP 2015). The latest CPLI includes four of the eight companies for which we 

have developed case studies--Adobe, Apple, Google, and Microsoft (and Infosys was on the 2013 

li st). 

 
Figure 3 shows the 30 highest-rating IT industry respondents to the CDP. The index represents the 

extent of corporate awareness of the issues, efficacy of efforts manage climate risks and 

opportunities, and progress towards targets.  Across all sectors, approximately 10% of responding 

companies attain inclusion in the index (the value for the technology sector is not known). 

 
Corporate campuses are integral elements of broader urban systems 

 
Technology company facili ties are tightly connected with the surrounding urban infrastructure. 

However, facility developers and operators have historicall y tended to focus more inwards than 

outwards, making only limited efforts to optimize the broader connections. This dynamic is 

rapidly changing. 

 
The scale of some of the technology industryôs projects creates a potentiall y constructive tension 

regarding the ownerôs needs and its relationship to the broader urban system in which its 

operations are nested. In perhaps the most prominent example of this, Apple is investing in 

community-scale energy as well as recycled water infrastructure (Love 2015) to help run their 

proposed expanded facil ities by contributing to upstream capital projects that serve the larger 

community. Apple and First Solar announced in early 2015 that they are paying $848 mill ion for 

25 years of the output of a 130 MW block of First Solar's Cali fornia Flats project in Southeast 

Monterey County.  In the same vein, Google has invested $1.8 billion to date in solar and wind 

energy infrastructure projects. Many corporate campuses are seeking to reduce the overall 

building footprint while increasing vegetated and porous surfaces while better managing runoff. 

In its Hyderabad campus, Infosys states that such efforts have actually helped to raise the 

underlying water table. 

 
In another example of community-scale considerations, at Ebay's Draper UT Customer Service 

Center LED parking lighting was used with peer-to-peer controls, reducing light pollution and 

meeting Dark-Sky Society standards for light pollution. 

 
Key strategies can be implemented at all scales 

 
There are a wide array of key strategies for achieving increased building performance.  At the 

highest level these break down into the broad domains of energy demand, energy supply, and 

indoor environment. Once energy eff iciency is maximized, renewable energy resources can then 

https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/facebook
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/microsoft
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/ebay
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/ebay
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/ebay
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be cost-effectively marshaled to serve the remaining energy needs. Supply and demand 

necessarily interact, not only with respect to the provision of on-site heat and power, but also in 

the ability of buildings to communicate and interact with the electric grid in which they are 

nested.  Indoor environment is a cross-cutting consideration, and one that is closely tied with tech 

companies' goals for creating desirable work environments to help attract and retain talent. 

 
We identify twelve broad areas of focus (Table 1) including discrete demand-side technologies, 

integrated systems (assemblages of technologies and their controls) at the individual building 

level, and multi -building or campus-level perspective where resources are shared or otherwise 

interact. Within these areas, we have delineated 61 established best practices and 70 emerging 

opportunities. Key attributes for many of these are delineated in Table 2. These attributes include 

market readiness, ROI, energy savings potential, water savings, acoustics, maintenance 

implications, influence on quality of indoor environment, and institutional considerations. 

 
Flagship projects demonstrate key strategies in practice 

 
To complement the wide-ranging "generic" discussion of best practices and emerging 

technologies that are raising the bar, we have assembled real-world profiles of eight leading 

technology companies. These begin with brief overviews of enterprise-wide goals and initiatives, 

and then focus on a single ñFlagship Projectò to illustrate specific implementations of key 

strategies. 

 
These companies represent a combined workforce of about 400,000 people, 860 locations, and 

over 50 mill ion square feet of floorspace. The specific flagship projects we have described 

represent 36 buildings and 9 milli on square feet of floor area. The profiled companies and the 

highlighted Flagship Projects are shown in Figure 4. Table 3 summarizes and provides a side-by- 

side comparison. 

https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects
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Figure 4. Flagship projects, interactive map here. 
 
The flagship case studies vary in nature. Some (Apple, Ebay, Genentech, and Infosys) are new 

construction, while others (Adobe, Facebook, and Google) are retrofit. The Genentech new- 

construction case delves into the underlying design process, il lustrating how setting specific 

performance goals helped to steer an iterative design process driven very strongly by a desire to 

maximize energy performance and workplace environmental quality, informed by the latest 

energy research and testing facilities and verifying predicted performance with measured data. In 

some cases (particularly Ebay and Google), relatively li ttle information was available in the 

public domain. The Apple case illustrates how the development of particularly large projects has 

compelled the developer to partner with other entities to increase "upstream" water and energy 

resources, in this case recycled water infrastructure and central PV power stations. Infosys is the 

only case that provides publicly available post-occupancy evaluation, and the results showed 

significantly higher occupant comfort and satisfaction with the greener building than with an 

otherwise identical comparison building. 

 
While these companies also own and operate data centers and manufacturing facilities, the focus 

here is on corporate spaces.  We also note examples of how the companies have made efforts to 

improve the efficiency of water use and to provide more environmentally friendly transportation 

options for employees. 

 
One somewhat surprising observation is that the companies have made only modest efforts to 

have their buildings formally rated.  Apple has not obtained Energy Star ratings for any of their 

buildings (per the official database). While all have some LEED-rated buildings it is a small 

https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/genentech
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/genentech
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/ebay
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
http://www.energystar.gov/index.cfm?fuseaction=labeled_buildings.locator
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number in most cases and only one of the selected flagship projects is LEED-rated. There is also 

little evidence of systematic in-house benchmarking practices. 

 
These projects achieved very signifi cant resource reduction goals.  Energy use was reduced from 

30% to 44%, and water was reduced by 50% to 76%.  Most aspired to achieve zero net carbon 

emissions through a combination of on-site efficiencies and renewables and the purchase of off- 

site clean power or carbon credits. No doubt reflective of the view of many companies, Google 

has clearly stated that one of the prime drivers of its aggressive push towards renewables is the 

hedging value offered against future fossil-fuel price spikes. 

 
Institutional Considerations: Buildings are places where people work and innovate 

 
While manufacturing and data-processing facilities may represent the majority of a tech 

companyôs total energy footprint, the driving innovations and productivity trace to the people 

who occupy the built environment. 

 
Technology companies see these as important factors in attracting and retaining a talented, 

motivated workforce. With this in mind, technology companies are paying close attention to 

indoor environmental considerations in their facilities. Our analysis finds that high-performance 

buildings can yield two-fold benefits in terms of energy and operating cost savings as well as 

improved occupant satisfaction.  A concrete example includes improved occupant comfort in 

radiantly-cooled spaces (Infosys) and ability to avoid costs and business disruptions by 

proactively addressing risks associated with poorly commissioned control systems. 

 
Building occupants and managers must be motivated to help achieve sustainability goals.  It is 

notable that some technology companies--Infosys among our case study examples--actually link 

renumeration to measured progress towards sustainability performance. 

 
A key institutional innovation strategy is that the performance of each new building should be a 

significant improvement on that of its immediate predecessor - a process of learning from each 

new building. Only Infosys seems to have formalized this practice. 

 
Green, Clean, and Mean ï Stretch Goals for the Future 

 
The technology industry has broadly demonstrated an ability to mobili ze existing technology to 

achieve net-zero large energy facilities and campuses. The partial reliance on purchasing carbon 

credits is diminishing as more aggressive levels of energy effi ciency are obtained and larger 

dedicated renewable systems are implemented. A new generation of emerging energy-effi ciency 

strategiesðat the level of individual buildings as well as campus scalesðpresents another level 

of savings potential. 

 
Not all challenges are technological. For example, Adobe, Ebay, and Facebook are among the 

few tech companies participating in a new 25-company initiative championed by the World 

Wildlife Fund and World Resources Institute to promote Corporate Renewable Energy Buyer's 

Principles, setting aggressive renewable energy goals, addressing barriers, and collaborating to 

drive change in policy. 

https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/benchmarking
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/hvac-controls
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/facebook
http://www.worldwildlife.org/pages/powering-businesses-on-renewable-energy
http://www.worldwildlife.org/pages/powering-businesses-on-renewable-energy
http://www.worldwildlife.org/pages/powering-businesses-on-renewable-energy
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While this report represents the most exhaustive effort to date to compile the experience and 

remaining opportunities for buildings in the technology sector, much information remains outside 

the public domain. LEED scorecards hold some of the more detailed information we could locate, 

but this is relatively high-level, with the underlying reports remaining proprietary.  A strong 

movement among technology companies to track and publicly disclose the energy intensities of 

data centers (see opencompute.org) has not yet been matched by similar efforts focused on office 

environments. More effort in this regard can be expected, compelled in part due to local and 

regional disclosure ordinances, as well as the increasing trend towards corporate social 

responsibility reporting. 

 
The performance and well being of building occupants is recognized to be a prime driver for 

seeking high-performance buildings. However, we have found little rigorous evaluation of these 

desired outcomes.  Better data acquisition and evaluation based on measurable metrics, coupled 

with increasing awareness of the linkages between building performance and occupant 

performance are li kely to spur renewed efforts in this area. 

 
The mobili zation of more and better information will also be facilitated by steadily improvements 

in data-acquisition and analysis platforms (Accenture 2011), and more sophistication in terms of 

bringing a risk-management perspective to the energy management process in order to ensure 

performance and persistence of energy savings, in tandem with work environment that is 

maximally conducive to productivity and innovation. 
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A Discrete Technologies 
 
1 HVAC 

By Philip Haves 

 
Applications 

 
The main areas of opportunity to improve the performance of heating, ventilating and air- 

conditioning systems are alternative methods of cooling of occupied spaces, and central plant 

design. Al ternatives to the conventional method of cooling spaces using overhead mixing 

ventilation involve use of hydronic systems, including radiant systems, natural ventilation, and 

exploitation of temperature and contaminant stratification using underfloor air distribution or 

displacement ventilation. Choices in central plant design include energy source - fuel vs. 

electricity, with its implications for carbon emissions now and in the future - and the use of 

thermal storage to shift electric load to off-peak periods or to match heating and cooling loads in 

time, particularly in milder climates, to enable use of heat recovery chillers. Related topics are 

covered under the sections on District-level Energy Services, Waste Heat Recovery, HVAC 

Controls, Commissioning, and Envelope and Lighting. 

 
Radiant slab heating and cooling is a strong candidate to be considered best practice in new 
construction for larger buildings or campuses, particularly in climates with little or no latent load, 
including the western part of the US. In a side-by-side comparison in a large office building in 
Hyderabad, India, which has a summer climate similar to that of Fresno, CA, radiant slab cooling 
used 1/3rd less HVAC energy than a conventional variable-air-volume (VAV) system (see 
Infosys flagship project) (Sastry and Rumsey 2014). The top surface of the slab is exposed to 
conditioned space above or the bottom side is exposed to the space below, or both. Typically 
construction is cross-linked polyethylene (PEX) tubing placed in the structural slab or a topping 
slab before concrete is poured, as illustrated in Figure 1. Because of the large surface area of the 

slab, the chilled water supply temperature is relatively high (~65
o
F), allowing good use of water- 

side free cooling. Similarly, the hot water supply temperature is relatively low (~80
o
F), allowing 

the use of low grade waste heat. The slab smooths and shifts load but is, consequently, more 
diffi cult to control and size than radiant panels or air systems. Ventilation can be provided by a 
dedicated outdoor air system (DOAS) in which outside air is tempered and/or dehumidifi ed, as 
required using an air handling unit designed for the purpose. Ceiling fans can be used as 

necessary to extend the ASHRAE comfort zone and enhance convective transfer from the slab. 

There are number of examples of radiant-slab buildings, in locations ranging from Cupertino 

(Roberts and Nqvi 2010) and Palo Alto (Center for Global Ecology n/d) to Hyderabad (Sastry and 
Rumsey 2014). 

https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/district-level-energy-services
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/waste-heat-recovery
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/waste-heat-recovery
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/hvac-controls
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/hvac-controls
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/commissioning
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/envelope-lighting
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/waste-heat-recovery
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Figure 1. Radiant slab tubing, prior to concrete being poured (Photo courtesy of Infosys Limited) 

 
Radiant cooling and heating can also be implemented using light-weight panels, typically 

mounted at ceiling height. It is much easier to retrofit radiant panels than a radiant slab, although 

they lack the thermal storage capability of slabs and hence cannot be used to shift and smooth 

load without some other form of thermal storage, e.g., chilled and/or hot water tanks. 

 
Air systems that exploit vertical stratification in occupied spaces, such as underfloor air 
distribution (UFAD) systems and displacement ventilation (DV) systems can also use less HVAC 
energy than VAV or other systems that are designed to mix the air in the space. DV systems 
introduce the supply air at very low speed. The air is then entrained into buoyant plumes, which 
are exhausted near the ceiling as shown in Figure 2. UFAD systems introduce air into the space 
through swirl diffusers that induce a modest amount of mixing near the floor. Savings arise in two 

ways: (i) the supply air temperature is higher (~68
o
F for DV and ~64

o
F for UFAD, compared to 

55-60
o
F for VAV or other mixing systems), allowing greater use of air side free cooling and 

correspondingly less chiller use, and (ii) the fan power requirement is reduced because the air is 

supplied at lower speed. The effect of the plumes is to remove contaminants as well as heat from 

the occupied part of the space, improving air quali ty. However, both systems have their 

challenges. Displacement ventilation systems can be diff icult to set up correctly in normal height 

spaces, although they work reliably in higher spaces, such as auditoria, airports and industrial 

buildings. UFAD systems use the voids below raised floors as pressurized supply plena and 

careful construction is required to ensure that they do not leak. Free cooling can be increased by 

using indirect evaporative cooling in air handling units and roof-top package units, at the cost of 

greater pressure drop and, hence, increased fan power. Simulation-based analyses are required to 

identify the lowest energy solutions for a given cost, aggregated over a typical year. 



14 
 

 
 

Figure 2. Mixing ventilation (left), displacement ventilation (right) (Images courtesy of Price 

Industries) 

 
Further energy consumption reductions can be obtained through the use of chillers with magnetic 
bearings, which have significantly higher efficiencies than conventional chillers, particularly at 

lower part loads (these were applied by the Infosys flagship project ). A Navy study found 

savings in chiller plant efficiency of 40 to 50% (Naval Facilities Engineering Command 2012). 

Chillers whose performance is optimized for low lift, i.e., relatively small difference between the 

temperature at which heat is removed and the temperature at which that heat is rejected to the 

environment, are starting to emerge onto the market. Such chillers would be well matched to 

applications, such as radiant cooling, that require relatively high chil led water temperatures. 

 
Depending on the level of internal heat gains, it may be possible to achieve comfort using natural 

ventilation, with air flowing in through operable windows or other openings and exhausted 

through other windows or openings in occupied spaces or at the top of an atrium or draft tower. 

Simple methods for assessing the viability of natural ventilation for different building types in 

different climates are described by McConahey (2008). Flow can be driven by wind or by 

buoyancy ("stack effect"). In general, natural ventilation using operable windows requires a 

shallow floor plan. One additional advantage of a shallow floor plan is the increased opportunity 

for daylighting and corresponding reductions in energy use for artificial lighting. In 'cross-flow' 

ventilation, air may flow through multiple spaces between entering and exiting at different sides 

of the building. In single sided-flow, air enters and exits through openings in the same facade, 

typically in the same space. Flow can be wind or stack driven - usually flow rates are lower than 

under cross flow ventilation but easier to implement in terms of space planning, particularly for 

existing buildings.  A further advantage of natural ventilation using operable windows is that 

thermal comfort can be based on the empirically derived Adaptive Comfort extension to the 

ASHRAE comfort standard (ANSI/ASHRAE 2013), in which the range of acceptable indoor 

temperatures is related to a recent average of the mean daily outside temperature. One 

explanation for this relationship is that occupants modify their clothing level based on recent 

weather. 

 
'Mixed mode,' or 'hybrid' systems combine natural ventilation and mechanical cooling, using 

natural ventilation when and where possible and mechanical cooling when and where necessary 

(Center for the Built Environment 2015). A particular synergy is possible when the mechanical 

cooling is provided by a radiant system (Roberts and Nqvi 2010; Center for Global Ecology n/d). 

Since the design provides for outside air distribution that is adequate to provide the required 

sensible cooling under mild weather conditions, natural ventilation should be more than adequate 

to meet fresh air requirements when the sensible load is met by the radiant system. Such designs 

avoid the various costs (and space requirements) associated with the provision of a duct system as 

https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/envelope-lighting
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long as the outside air is never so hot that it cannot be sufficiently tempered by contact with 

interior surfaces or mixing with the air in the space. 

 
There is not a complete consensus that hydronic systems are superior in performance and cost to 

conventional variable-air-volume (VAV) systems (Stein and Taylor 2013), though here the 

comparison is with active chilled beams rather than radiant slabs. Careful design of VAV systems 

can enable zone air flow rates to be turned down by as much as 10:1, significantly reducing the 

reheat required when there is substantial diversity in zone loads. There is a trade-off between 

increasing the depth of the coils to increase the difference between the supply and return water 

temperature; this increases chiller COP and reduces pumping costs but increases air pressure drop 

and hence fan energy use. As with radiant slabs, though to a lesser extent, increasing the coil 

depth allows higher chilled water supply temperatures, increasing the opportunities for water-side 

free cooling, and allowing lower hot water supply temperatures, increasing the opportunities to 

make use of waste heat. 

 
The solutions discussed so far all assume 'buil t-up' mechanical systems based on chilled water 

and hot water from a central plant or boilers and chillers in each building or groups of buildings. 

An alternative approach is to use packaged units with direct expansion (DX) cooling, typically 

installed on the roof. Roof-top package units are effectively restricted to low-rise buildings and 

cannot make use of chilled or hot water thermal storage, though they do not incur the pumping 

and thermal losses associated with district heating and cooling systems, in particular. 

 
All the technologies discussed above, with the exception of DV, are well established and are 

starting to be accepted as best practices for commercial new construction, at least in the Western 

US. 

 
Economics 

 
Infosys Limited has performed a study of the construction costs and operating costs for radiant 

slab and VAV systems in two identical halves of a building in Hyderabad, India (Sastry and 

Rumsey 2014). The construction cost for the radiant slab system was slightly lower and the 

operating cost was consistently ~34% lower over a period of several years. The economics of 

natural ventilation vary significantly. The most favorable case is new construction where the use 

of natural ventilation can avoid the need for mechanical cooling. In retrofit, replacement of fi xed 

windows with operable windows is typically not cost effective unless the windows need to be 

replaced for other reasons. Mixed-mode systems may not be cost effective unless the use of 

natural ventilation allows the mechanical system to be downsized significantly. A more favorable 

case would be the combination of radiant cooling and natural ventilation if the natural ventilation 

system can obviate the need for a mechanical ventilation system. 

 
As regards magnetic bearing chil lers, a study by the US Navy indicated payback periods ~1 year, 

depending on the utili ty rate and the hours of use (Naval Facilities Engineering Command 

2012). Maintenance costs are substantially reduced because of the lack of need for lubricating oil 

and the reduced weight of the compressor. 

 
Other considerations 

 
Hydronic systems typically have lower fan noise due to the lower air flow rate in the DOAS 

compared to conventional systems. However, systems with exposed ceiling slabs require careful 

incorporation of measures to reduce sound generated in the occupied space. Noise problems are a 

major source of complaints in many commercial buildings (Jensen and Arens 2005). 

https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/waste-heat-recovery
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/district-level-energy-services
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Institutional requirements & capacity 
 
Because they incorporate thermal storage, radiant slab systems are more difficult to size, control 

and operate and so care is required to select mechanical designers and controls contractors that 

have previous experience with successful radiant slab systems. Special training for operators is 

even more important, to ensure that they understand how such systems operate, in particular, the 

long response times and how to deal with them. 
 
 
 
 
2 Electronics and Networks 

By Bruce Nordman, Evan Mills, and Jessica Granderson 
 
High-tech companies are defined by the intellectual output their employees create with their IT 

devices and other electronics. These include computers, displays, network hardware, small power 

supplies, imaging devices vending and beverage machines, among others. New ways are 

emerging to control, monitor, and power devices. 
 
Depending on the definition, these loads account for on the order of 20% of total energy use in 

commercial buildings.  The range of typical to best practice diversified power density ranges 

from 2 to 0.25 W/ft2 at peak, contributing on average about 0.75 kWh/ft2-y to overall building 

energy use (Wilkins and Hosni 2011). The presence of even small server rooms signif icantly 

increases these values.  Because of the speed of technology development in this area, capabilities 

can transition from speculative to widely available in just a few years, introducing a 

fundamentally different set of opportunities and challenges.  Because network-based technologies 

derive much of their value from computation and communication, many capabilit ies can be added 

or upgraded in the field via software updates. The ability to communicate through open and 

standard protocols is an essential foundation. 

 

Applications 
 
Many companies have policies to purchase only ENERGY STAR(R) compliant products. This is 

a needed foundation, but must be accompanied by processes to ensure compliance, address 

product types not addressed by Energy Star, and be attentive to product-specific opportunities to 

go beyond this relatively modest "top-25%" threshold, to procure best-in-class products and 

components (e.g., using the Top-10 system depicted in Figure 1). Attention should also be paid 

to products with low standby power requirements.  In some cases, timers can be deployed to 

ensure no after-hours and weekend operations. 
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Figure 1. Top-ten identifies products at the very high end of the efficiency spectrum 

(http://www.toptenusa.org). 
 
Electronics and other miscellaneous loads of course have direct impacts on space-conditioning 

energy, and thus understanding and managing them is important at the building level. 

Maximizing efficiency as well as diversity are additional important determinants of design loads. 

Rules of thumb tend to over-estimate demand (historically 3 to 5 W/ft2 in many cases) and lead 

to HVAC over-sizing and consequent excess capital and operating costs. 

 
As electronicsô energy use is a product of both power levels and operating patterns, assuring 

optimal device operation is a critical strategy. In many buildings, most energy used by PCs, for 

example, occurs when no one is present or when the user is not performing computational tasks. 

While many devices have the ability to power down--from electronics that can go to sleep, to 

coffee machines that can turn themselves off, to dimming of computer displays, to vending or 

beverage coolers that can turn off lights when not needed --these abilities are often crudely 

configured or disabled entirely.  Food- and beverage-related devices can be particularly energy- 

intensive and so should be a target for savings.  The IT network is a potential, already existing 

mechanism to make visible such problems, distribute better operational policies, and track their 

results. 

 
Advanced power strips are a technology that has been successfully applied to manage the energy 

use of electric plug loads in commercial buildings. Three modes of control are offered, alone or in 

combination: schedule-based timers, load sensing, and occupancy/vacancy sensing. Many 

offerings exist on the commercial market. In addition to power strip controls, these loads can be 

reduced through explicit target setting, workplace policies, and design choices in new 

construction projects (Lobato et al, 2011): computer monitors can be specified to use LED backli t 
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LCD monitors can be used instead of fluorescent backlight or CRT monitors; personal copiers, 

printers and fax machines can be centralized into common multi-user stations; laptop computers 

can be used instead of desktops, for employees who do not need maximum computational power; 

the number of break rooms and kitchens can be optimized to serve maximum numbers of 

employees, reducing unneeded redundancy in appliances; elevators can be equipped with 

occupancy-controlled high-efficiency lighting and fans, and in some building designs hydraulic 

models can be replaced by regenerative traction models. 

 
An emerging feature of networked devices is their abil ity to track their own energy use and report 

it to the local network (Nordman 2014). This is called "Energy Reporting" and can be used to 

understand and track energy use and key performance indices. Energy Reporting has been 

available for many years in some data center and telecommunications equipment, since these are 

critical services and highly managed.  Standards are emerging, for example ANSI CEA 2047 

defines Energy Reporting for appliances or any other device that chooses to use it. Electronic 

devices can use existing network interfaces to report energy data.  While some devices may 

include hardware to measure power levels directly, many can reliably estimate their consumption. 

Building owners will be increasingly able to track energy use of each device in a building with as 

fine a time resolution as desired. The market is also seeing the emergence of integrated 

monitoring and control solutions; two examples are Budderfly (which includes lighting and 

thermostats) and Enmetric. An illustrative example of monitoring and reporting offered in the 

Enmetric platform is shown in Figure 2. 

 

In addition to providing energy use data, this capability also automatically provides a detailed and 

dynamically updated inventory of the devices in buildings, and can show their operating pattern 

over the course of a day, week, or year (Nordman et al., 2014). This can reveal the existence of 

savings opportunities, provide quantitative evidence of how much potential savings is at stake, 

and show the presence of energy-using devices that are no longer needed. This new information 

can enable more energy saving measures to be implemented, and more rapidly than would 

otherwise be the case. Energy use data reporting can be aggregated across an entire campus, for 

greater visibility, while maintaining desired detail such as disaggregation by device type, time of 

day/week, or business function. 
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Figure 2. Screenshot of a plug load monitoring and reporting application 

(https://www.enmetric.com/platform) 
 

 
 
 
Another opportunity is Direct DC powering (Garbesi et al., 2011). This takes advantage of the fact 

that all electronics and most miscellaneous devices (and many others such as fluorescent and LED 

lighting) are already DC internally. Commercial buildings have used DC powering for years for 

niche applications such as phones, Wi-Fi access points, and small USB devices. Industry groups 

such as the Emerge Alliance are working to develop standards to facil itate increased uptake of DC 

power distribution systems in commercial buildings. Direct DC can avoid hardware and losses 

from multiple AC/DC conversions, enable simpler integration of local generation and storage, and 

reduce installation and maintenance costs. DC devices can be integrated incrementally over time 

in addition to large-scale introduction when a building is undergoing a significant retrofit. Since 

DC power distribution usually includes communications, it is 

synergistic with the other technologies discussed in this section. DC datacenters have been 

demonstrated. 

 
The wire for network and phone communications in buildings is already suited to being used for 

DC powering.  However, the future wire and cable types best suited to DC are not yet certain, so 

for new buildings or significant renovations, building owners should ensure that new wiring or 


